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2.3 Po1ynuc1ear Aromatic Hydrocarbons







































































































PAH in Lake Ontario Sediment (43° 39' N,
78° 12' W) (Strosher and Hodgson, 1973;
IJC, 1976)
PAH in Great Lakes Surficia1 Sediments
(u9/9 dry)
PAH in Great Lakes Water Systems (pg/L)
Po1ynuc1ear Aranatic Hydrocarbons in Fish
(Ha11ett, gt_gl,, 1978)
Po1ynuc1ear Aromatic Hydrocarbons in Great
Lakes Herring Gu11 Lipid (Ha11ett, gt_gl.,
1977)
Great Lakes Chemica1s Which Induce Unique
Forms of AHH
The toxicity to mamma1$ of PAH commonly
found in water (Christiansen, 1976).
Figure 1. Swimming Associated Rate for High1y Credib1e
(Ch. 2.1) 6.1. Symptoms per 100,000 Persons
Figure 2. Swimming Associated Rate for High1y Credib1e
(Ch. 2.1) 6.1. Symptoms per 100,000 Persons









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8. Since new data may lead to modified recommendations, the objectives





















scientifically justifiable numerical objectives for “unspecified
non-persistent toxic substances and complex wastes". Therefore,
criteria for developing an operationally defined objective for local
situations have been recommended.
The AEOC endorses this framework with the caveat that objectives do not
consider socio-economic factors. The Committee agrees with previous
recommendations (Water Quality Board 1980)2 that socio-economic impact
assesSment is the reSponsibility of the jurisdictions and should be done at
the time of setting of regulations or standards. Objectives should not be
construed as regulations or standards but should be considered as goals to be .
achieved and as a minimum basis for developing regulations or standards by the
jurisdictions.
In the course of their development, the objectives have been subject to
iterative reviews within the Committee and by scientists with relevant
expertise. The Committee, however, welcomes any comments or additional
scientific evidence relevant to any of the objectives and consistent with the
above philosophy.
2 Alternatives for Managing Chlorine Residuals: A Social and Economic
Assessment. Final Report of the Chlorine Objectives Task Force to the



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































IJC “Roundtab1e on the Survei11ance and Monitoring Requirements for Assessing
Human Hea1th Hazards posed by Contaminants in the Great Lakes Basin Ecosystem"
(IJC, 1982) a1so suggests that: "The conditions under which samp1es are
co11ected shou1d be recorded, with such detai1s as the estimated bather 1oad
at the time, so that appropriate interpretation of the resu1ts can be made."
The "Roundtab1e" a1so recommended that routine samp1es be taken at a depth of
15 to 30 cm be1ow the surface, and where wateris about 1.5 meters deep. A
Specific representative site (or sites) at a beach shou1d be chosen and five
samp1es from that site in each four-week period shou1d be tested. Resu1ts
from these samp1ings wi11 adequate1y represent the water qua1ity for that
period, as we11 as be a reasonab1e minimum number of samp1es that most
agencies can co11ect. However, a Saturday and a Sunday samp1e co11ected at
the time of the peak of the bathing 1oad wou1d give the idea1 bather use,
water qua1ity information. Neverthe1ess, Bennett (1969) showed that five
samp1es over four weeks adequate1y defined the four-week period's water
qua1ity. Resu1ts from five samp1es a1so provide a reasonab1e data base from
which to ca1cu1ate a va1id, representative, geometric mean.
Whereas former criteria incorporated an arbitrary factor for current
experiences such asweather, rain, sewage p1ant malfunctions, 1aboratory
variations (which erred on the side of safety) the re1ationships on which the
recommendations were based are more exact and have a1ready bui1t in these and
other important considerations. So, additiona1 percenti1e va1ues to a11ow for
these factors are not required.
Microorganisms in Recreationa1 Waters
Recreationa1 use of water in the form of body-contact recreation is
norma11y perceived as swimming, wading, or the inadvertent contact with water
by boaters, hunters, or fishermen. There are virtua11y no studies with
reSpect to the 1ast group and re1ative1y few epidemio1ogica1 studies on
bathing. Cabe11i (1977) defined swimming as "significant exposure of the
upper-body orifices to the water".
Ear1y work on this subject is by Smith, et a1., (1951) on the Ohio River
and by Smith and Woo1sey (1952) on the Ohio RTvEF and Long Is1and beaches.
Streeter (1951) compared the bacterio1ogica1 standards of various
jurisdictions for the Ohio River Va11ey Water Sanitation Commission (ORSANCO)
and recommended that the month1y arithmetic average (MPN) for tota1 co1iforms
not exceed 1000 per 100 mL, nor shou1d tota1 co1iforms in 20% of the samp1es





























































co1iform count equa11ed or exceeded 2300 per 100 mL.




































































of Stevenson with the feca1ztota1 co1iform ratio from the report of the

























































































































































































































































































approach, it has no statistica1 basis.

























the reasons mentioned ear1ier. 0bvious1y part of the difficu1ties of
associating it with bather i11ness rates was that there was probab1y 1itt1e




















bather i11ness. The 1eve1 of 200 FC/100 mL criteria has no determined
va1idity of its own but re1ies entire1y on extrapo1ations from dubious
' TC/i11ness associations. Furthermore, Cabe11i, et a1., (1979) and Dufour

















































































































































































































































































































































































iTlﬁEss/indicator relationships fran the study at the "highly-polluted"
Mediterranean beach of Alexandria, Egypt. Cabelli (4) also suggested that
enterococci (Streptococcus faecalis and Streptococcus faecium) may be superior
indicators of’Bathing beaCh quality. In these studies, E. coli and illness
rates also correlated well. Additional work by Cabelli (l98l) and be Cabelli,
et al., (1979) was done in the brackish waters of Lake Pontchartrain during
I977 and 1978. The type of illness observed at these beaches was, to a large
extent, "gastroenteritis of unknown etiology“, which has more recently been
ascribed to infection by Norwalk agents or rotavirus. The conclusion of all
of this work is that enterococci and E. coli are more reliable bathing water
quality indicators than the currently—used fecal coliform (Cabelli, 1981).
  
Cabelli's studies dealt with marine waters and as Dufour (1982) has
pointed out, results on marine beaches are different from freshwater beaches.
In 1979-80, freshwater epidemiological work done on Lake Erie near Erie,
Pennsylvania and on Keystone Lake at Tulsa, Oklahoma, was reported by Dufour
(1982). Again, enterococci and E. coli showed better correlation with
swimming associated illness at fresh water beaches than did fecal coliform:
correlation coefficients were 0.65, 0.51 and 0.23; respectively. He concluded
that the health effect/water quality relationship is substantially different
for fresh waters than for marine waters for the same rate of higly credible 61
symptoms and again confirmed the use of enterococci as a better indicator.
Figure 1 shows the relationship for enterococci and E. coli mean densities and
gastrointestinal symptom rates at freshwater bathing—beEEEES. Figure 2 shows
a much poorer correlation for FC than do enterococci or E. coli. Dufour does
not recommend Specific guidelies, but instead presents use—effect graphs.
These show the rates of highly credible GI symptoms per 100,000 persons
compared to mean indicator densities. A number of data points were used to
develop the relationship shown on Figure l, but the lowest highly
statistically significant effect levels for enterococci and E. coli were
observed at densities of 11/100 mL and 23 E. coli/100 mL for—fresh water
beaches. It is therefore fran these levels that—objectives were developed.
Previously, bathing water quality was regulated by the limiting the
presence of fecal material which could potentially carry human disease
organisms rather than by controlling the actual illnesses contracted by the
bathers swimming in water of varying quality. That approach, because of the
imponderables of levels and diversity of pathogens, p0pu1ation at risk,
soc1o-economic groups, etc., necessitated regulatory agencies to add margins
of safety in the objectives developed. The recommendations here are based on
true indicator/illness rate relationships which permit agencies to determine
the regulation that best suits their areas of jurisdiction. The indicator
levels recommended would help to regulate water quality so that there would be
no increase in gastrointestinal illnesses while bathing and would be in accord
with a non-degradaton policy. It is recognized however, that agencies must
have the latitude to develop less stringent regulations which, while exposing














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Cabe11i, V.J. "Swimming Associated Disease Outbreaks".
J. Mater




















of Criteria for Recreationa1 Haters" in Discharge of Sewage From Sea
0utfa11s. H. Gameson, Ed. Pergamon Press, Oxford, 1975, pp. 63373.























W506/1-30-031. March, 1981, Draft.
Cabe11i, Victor J., et a1. Hea1th Effects of Swimmin in Lake
Pontchartrain at New Orleans, 0.5. EPA Health Effects gesearcﬁ
Laboratory, Cincinnati, Ohio, 1979.
Ca1ifornia State Water Resources Contro1 Board. Water Qua1ity 2nd ed.
Pub1ication No. 3-A, revised 1963. ‘

















239the American Society of MicrobioTOgy, Los Ange1es, CA. May 1979 (page
Dufour, A.P., E.R. Strick1and and V.J. Cabe11i, 1981. Membrane fi1ter
method for enumerating Escherichia co1i. App1. & Environ. Microbiol. V.
ITE’S} 1152—1158.
Dufour, A1fred P. Fresh Recreationa1 Water Qua1ity and
Swimming-Associated 111ness. ‘U.S. EPA Hea1th‘Effects Research
Laboratory, second Nationa1 Symposium on Municipa1 Natewater
























































































































































































































































































































ORSANCO Water Users Committee. "Tota1 Co1iform:
for Eva1uation of Raw Hater Bacteria1 Qua1ity".
Contr. Fed., V01. 43, Apri1 1971, p. 630.
Smith, R.S. and T.D. Woo1sey. Bathing Water Qua1ity and Pub1ic Hea1th.
II. In1and River and P001. U.S. Pub1ic Hea1th Service, Environmenta1
Hea1th SerV1ce;’Env1ronmenta1 Hea1th Center, Cincinnati, Ohio, 1952.

















Hea1th Center, Cincinnati, Ohio, 1951.
Stevenson, A.H. "Studies of Bathing Water Qua1ity and Hea1th". J. Amer.








































































Water Treatment P1ant Design.


















































































































































































































   












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 ear of a bather. Weingarten (1977) a1so reported an outbreak of otitis
externa caused by P. aeruginosa whi1e Burger (1983) showed an increased otitis
externa case rate Emong swimmers using a beach where P. aeru inosa was present
in high concentration. P. aeruginosa was a1so iso1at€d from the ears of
swimmers more frequent1y—after swimming than before. Ca1deron and Mood (1982)
reported that there was a significant1y higher proportion of swimmers in their
otitis externa cases than in their contro1 popu1ation. They a1so were ab1e to
isolate P. aeruginosa from 50% of the infected ears in their study but from
none of the controls.
Dutka (1973), Hoad1ey (1977a, b) and others have considered P. aeru inosa
to be "a ubiquitous bacteria1 species easi1y iso1ated from surfaEe waters and
soi1". However, Dutka (1979) 1ater revised this opinon when he found that E,
aeru inosa was virtua11y absent in the centra1 parts of the Canadian Great
Cakes and Hudson Bay waters. Hoad1ey (1977b) a1so suggested that "the species
probab1y does not norma11y inhabit northern temperature surface waters un1ess
recent1y affected by human activity orthe activities of domestic anima1s".
Based on studies conducted on the Great Lakes (IJC, 1976, 1977; OME, 1981) and
many in1and 1akes in Ontario (Burger, 1983), P. aeruginosa is absent from
Ontario surface waters except where inf1uenced by uman activity and may be
reported more frequent1y in warmer southern United States surface water
because of growth in the warmer water (Hoad1ey, 1977b).
Drake (1966) suggested that P. aeru inosa 1eve1s fron 1 to 10 per 100 mL
cou1d be expected in rivers with—10w But aetinite 1eve1s of contamination. P.
aeruginosa 1eve1s 1ess than 100 per 100 mL can be demonstrated in water ‘—
adjacent to human activity (Hoad1ey, 1977a) and in excess of 100 organisms per
100 mL in waters receiving surface drainage from urban areas or waters
regent1y gontaminated with sewage. In raw domestic sewage, concentrations of
10 to 10 P. aeru inosa per 100 mL are common. S1ight1y in excess of 10%
of hea1thy'aduTTEFé%T1ﬂﬁ§ United States are intestina1 carriers of P.
aeruginosa a1though Cabe11i (1979) suggested that Pseudomonas aeruginosa is
"infrequent1y iso1ated from norma1 human faeces". In p001 waters, seyfried
and Fraser (1978) found P. aeruginosa 1eve1s to be 10w, but shifts from 0 per
100 mL to as high as 348-per IOU mE were commmon. Ca1deron and Mood (1982)
reported a median P. aeruginosa 1eve1 of 0 per 100 mL with a range up to 37.8
per 100 mL. In aTT at these studies, the 1eve1s of P. aeruginosa in natura1
bathing waters were 10w, 0 to 100 per 100 mL.
-' —-—-——’.—-_
 
Feca1 or sewage contamination is one possib1e source for the Pseudomonas
aeruginosa present in bathing water; however, the bathers themse1ves are a1so
a source of the organism (Hanes and Fossa, 1971; Cabe11i, 1977). This means
that in areas with minima1 water exchange, the 1eve1s of Pseudomonas
aeruginosa may be re1ated to the bather 1oad. Burger (1983) noted that
. aeruginosa 1eve1s varied diurna11y and seasona11y in a pattern simi1ar to
the number of bathers.
When dea1ing with the Pseudomonas aeruginosa and the diseases, otitis
externa and skin rash, the situation is quite different from that of the
co1iform group of indicators and gastrointestina1 i11ness.
P. aeru inosa is
not an indicator by virtue of its re1ationship to a disease—Eau51ng organism
but is itse1f the pathogen or disease-causing organism.
Jones (1965) c1aimed













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
  
potential health hazard exists when pathogenic organisms (e.g. Pseudomonas
aeruginosa, Salmonella typhii and Polio virus), can be enumerate an
frequently isolated“fF0m the water".
For Pseudomonas aeruginosa, the above
discussion supports this recommendation.
But the eV1dence alSo suggests that
the 75% percentile Pseudomonas aeruginosa level of 10 organisms per 100 mL can
be substituted for the generalized’statement "enumerated and frequently
isolated".
This means that seventy-five percent (75%) of the sample analyses
must show less than 10 organisms per 100 mL or conversely that a maximum of
25% of the analyses may have levels greater than 10 per 100 mL.
Therefore,
the levels of Pseudomonas aeruginosa should not be greater than 10 P.








incorporated an arbitrary factor for current
experiences such as weather, rain, sewage plant malfunctions and laboratory
variations,
which erred on the side of safety, the relationships on which the
recommendations were based are more exact and have already built in these and
other important considerations.
Additional percentile values to allow for
these factors are thus not required.
Summary
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HiTTman Creek watershed (Braun and FrankT—1980), mean diazinon concentrations
of 0.006 and 0.001 ug/L in the water during the 1975-6 and 1976—7 seasons gave
rise to fish 1eveis of 0.017 ug/g (biack crappie), 0.018 ug/g (brown bu11head)
and 0.092 ug/g (gizzard shad). There are no known records of diazinon being
discovered in water or in other sampies from the open waters of the Great
Lakes, nor woqu it be expected there.
Toxicity of diazinon
Exposure of the green aTga Scenedesmus quadricaudata to 100 and 1000 ug/L
of diazinon for 10 days produced no effects on ceTT number, photosynthesis, or
biomass (Stadnyk, £3 31., 1971). AdditionaT fish and invertebrate Taboratory
mortality data are presented in TabTe 1. The data are arranged in the order
of their toxicity vaTues frun Teast to greatest as an aid to evaTuating















































































































































































































































































































































































































































































































































































































































































Fish and invertebrate median mortaiity vaiues (ug diazinon/L) (cont'd)
24 hr 48 hr 96 hr Other L050 Data References
Orconectes propinquus 2,846 537 168 hr. Lcso—IS Morgan, 1977
(crayfishigi
Cran onyx sp. 14 MERS, 1980
lampﬁipod) (unpub1ished)
Pteronarcys dorsata 30-day LC5O-4.6 NAS/NAE, 1973
(stoneily)
Da hnia magna 50—hr. L050—4.3 Sanders and Cope,
c a oceran) 1966
Hydro syche bettoni 30—day L050-3.54 NAS/NAE, 1973
lcaﬁaistlyi
Ophiogomphus rupinsuiensis 30-day L050-2.2 NAS/NAE, 1973
(dragonfiyii
Simocepha1us serruiatus 1.8 (60° F) Sanders and Cope,
ciadoceran) 1.4 (70° F) 1966
Acroneuria iycorias 1.7 30—day L050-1.25 NAS/NAE, 1973
lstone¥|y5
Ephemereila subvaria 30-day LC50-1.05 NAS/NAE, 1973
(mayiTy)
Da hnia Euiex 0.9 Sanders and Cope,
c a oceran) 1966
' 0.8 Johnson and Finley,
1980
Gammarus pseudo1imnaeus 49 3 2 168~hr. LC5o-0.5 Morgan, 1977
(amphipodi
Gammarus fasciatus 0.2 Johnson and Finiey,
lampﬁipo 1980


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
Tabie 2.
Descri tion
Time to embryo progeny hatch
decreased 8 to 18% at 14 to 240 ug/L
(highest concentration tested);
growth of aduit ma1es after 160 days
and embryo progeny hatch reduced at
88 ug/L, not at 54 ug/L.
Reduced hatching and increased
incidence of scoiiosis at 32.2 ug/L
during a fu11 1ife cyc1e chronic
test; no no—effect concentration
obtained, a1though 3.2 ug/L appeared
ciose.
Reduced progeny growth at 0.55 ug/L
(iowest concentration tested) after
17—week exposure during a 10-month
partial 1ife-cyc1e chronic test; no
no—effect concentration tested.
Reproduction significantiy reduced
at 0.3 ug/L during 21-day iife—cycie
exposure; no significant effect at
0.15 ug/L.
Egg development deiayed significantiy
and time to emergence (82 days)
increased 13 and 33% at 0.0006 and

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Several instances have been reported of birds, mostly waterfowl, being
poisoned fran ingestion of crops or vegetation treated with diazinon for pest
control (Stone, 1979; Hill and Fleming, 1982). These mortalities apparently
resulted from approved, but either unwise or unfortunate applicationof the
pesticide. The label directions warn that birds feeding on treated areas may
be killed. Diazinon treatment of field crops and applications to golf courses
during spring and autumn bird migrations have been especially hazardous.
Obviously, the use of diazinon and certain other organophosphate and carbamate
pesticides (e.g., parathion, fenthion, dursban, carbofuran, phorate) should be
avoided where birds might ingest the residues.
Hazards to man resulting from aquatic contamination are thought to be
slight. Diazinon is rapidly metabolized in mammals to less toxic products,
does not accumulate in tissues and has produced no teratogenic or embryotoxic
effects (Vettorazzi, 1976; Lewis andTatken, 1980). Based on chronic
no—effect levels of 0.1 to 0.02 mg/kg body weight per day for several mammals,
an adult daily intake for man of 0.002 mg/kg body weight was established by
the U.N.'s World Health Organization/Food and Agriculture Organization.
Diazinon does not accumulate to any appreciable degree in fish (Miller, et
31., 1966; Allison and Hermanutz, 1977). Exposure of fish to 1 ug/L for——
several days (a concentration well above those required to protect aquatic
organisms) would result in tissue residues of about 0.1 mg/kg. This level, if
ingested by man as part of a 100 g meal of fish, would be well below the 0.002
mg/kg body weight acceptable daily intake.
Based on these data. a two—level objective is recommmended for diazinon.
Mean levels should not exceed 0.003 ug/L, but may range up to 0.1 ug/L every
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Transport and Transformation of PAH
 
Transport in Air
Particle size is the major factor affecting the transport behaviour of
PAH—containing particulates. Particle sizes generally range in diameter from
0.01 um to 10 um with the bulk of PAH being associated with particles having a
diameter less than 5 am.
































































suspended (Winchester, 1980). ParticTe shape and density are aiso important
to the transport behaviour of particuiate-associated PAH.
Dispersion of PAH in the atmosphere occurs by diffusion, convection and
advection, a1) of which depend upon meteorologica) conditions. Such
dispersion has the effect of diiuting emissions close to the source and
accounts for the appearance of PAH at Tocations distant from the source. At




















were estimated, taking into account photocataiytic transformation. These
varied from a few minutes to 500 hours. On this basis, it was predicted that
PAHBmay travei fran a few to severa) thousand kiiometers (Biau and Gusten,
198 .
Transport in Water
As in air, transport of PAH occurs by diffusion, convection and
advection. Sedimentation is probabTy the most important route for ciearance
of PAH from Takes and depends Targeiy on particie size as in the atmosphere,
aithough it may be reduced by interaction with humic materiaTs and smaTTer
organic moTecuTes. These interactions shouid faciiitate distribution and







































with 02 to produce highiy reactive intermediates (singiet oxygen moTecuTes)
resuiting in the rapid oxidation and degradation of PAH (NAS, 1972; Radding,
§t_al., 1976; Geacintov, 1973; Katz, st 21., 1978; Tosine, 1978).
PAH adsorbed to surfaces and in aerosois may be photo-oxidized rapidTy
but, depending on the affinity of the photooxidation products for the




















































































































































































































































































    
  
  
OTigochaetes mix the top few centimeters of sediment. This process
redistributes organic contaminants such as PCBs (White and KTar 1982) and
brings them to the surface. If PAH behave in a simiTar manner, the exposure
of benthic organisms may be increased.
For higher trophic TeveTs, exposure to PAH wiTT occur via both water and
diet. Since P. hoyi uTtimateTy constitutes a major dietary component for some
fishes in the—Great Lakes at some stages in their 1ives and because of the
reTativeTy high concentrations of PAH in P. hoyi, these organisms are
responsibTe for a Targe proportion of PAH—exposure for some fishes.
Fish biotransform PAH weTT and it is unTikeTy that PAH wiTT accumuTate in
their tissues unTess there are high PAH concentrations in the water. In fact,
Tow TeveTs of PAH are generaTTy found in fishes except in cases of high TocaT
contamination, e.g. the BTack River, Ohio (Baumann, et a1., 1982). The
absence of parent PAH does not necessariTy indicate Tack—of exposure but
rather may refTect biotransformation. Further, since the dihydrodioi
metaboTites are carcinogenic derivatives of PAH, high TeveTs of these in fish
may pose problems for piscivores. The ieveTS of both parent compounds and
metaboTites are therefore important in the assessment of exposure hazard and
possibTe food chain transport of PAH.
The metaboTism of naphthaTene and anthracene in various tissues of coho
saTmon (Oncorhynchus kisutch) has been demonstrated (RoubaT, et a1., 1977).
Up to 46% of anthracene in fish fTesh was found in a metaboTiEEd‘form 144
hours after injection. Lu, et aT., (1977) showed that the bioaccumuTation
factor for BaP in mosquito fish-TGambusia affinis) after three days' exposure
was Tess than 1, whereas for snails the corresponding vaTue was 2177. The
monooxygenase activity, as measured by BaP metaboTism, is undetectable in
marine bivaTves (VandermeuTen and Penrose, 1978) whereas rainbow trout (SaTmo
gairdneri) readiTy metaboTize BaP (Egaas and Varanasi, 1982). ReTative
monooxygenase activities for fish are roughTy one order of magnitude beTow
those of amphibians, birds and mammaTs, incTuding primates (WaTker, 1978).
Therefore, despite the fact that PAH have high Kow's, they do not
bioaccumuTate to the same extent as DDT and HCB as originaTTy predicted by
Lu, gt_al., (1977).
These Timited data support the theory that parent PAH wiTT bioaccumuiate
in the Tower TeveTs of aquatic food chains but not in fishes, birds and
mammaTs. It is not expected, therefore, that high TeveTs of parent PAH wiTT
be found in fish and birds monitored in the Great Lakes. However, metabo1ites
of PAH may bioaccumuTate at higher trophic TeveTs and a Tack of parent PAH in
tissues may not fuTTy describe the hazard to these organisms.
PAH in the Great Lakes Ecosystem
Sane 27 PAH were identified in surface sediments taken from Tocations in
each of Lakes Ontario, Erie and Huron (Strosher and Hodgson, 1973; IJC,
1976).
PeryTene, pyrene, benzopyrenes, benzopery1enes, fTuoranthenes,
benzofTuoranthenes and chrysene were among those commonTy present at higher
than average PAH concentrations. TotaT concentrations of PAH reached a
maximum in the surface sediments of 14 ug/g for Lake Ontario, 54 ug/g for Lake
Erie and 1.2 “9/9 for Lake Huron. A representative 1ist of the PAH found at
- 33 _
 different sediment depths is shown in Tabie 4 for an open Lake Ontario site.
Few PAH were detectab1e in open lake waters. Methy1 naphthaienes, biphenyi
and methy1 anthracenes were the on1y PAH detectab1e at concentrations from
0.003 ug/L to 0.6 pg/L (Strosher and Hodgson, 1975).
Tabie 4
PAH in Lake Ontario Sediment (4g? 39' N, 7§é 12' N)
(Strosher and Hodgson, 1973; IJC, 1976)
 
(pg/g Dry Sediment)
Aromatic 0—5 cm 10—15 cm 20425 cm 30—35 cm 55-60 cm 70-75 cm
Biphenyi 0.014 0.007 0.009 0.004 0.004 0.004
Tetrahydropyrene 0.056 0.029 ~ — — —
F1uoranthene 0.281 0.058 — — - -
Pyrene 0.056 0.029 — 4 — —
1,2—Benzanthracene
Chrysene 0.025 0.088 0.052 - — 4
Triphenyiene
Dimethy] Chrysene 0.112 - 0.018






anthene 0.056 — — ~ 4 —
Benzpyrenes 0.337 - 0.017 0.034 0.010 0.009
Per 1ene 0.056 0.029 0.017 0.034 0.30 0.046
Met y1 Beanyrene 0.056 — ~ — ~ —
Methy1 Peryiene 0.112 - - - 0.010 0.027
20-Methy1 Choianthrene 0.337 - ~ - — 0.018
Beanery1ene 0.225 - - — — —
Coronene 0.562 — — — — —
Totai Aromatics 2.935 0.269 0.112 0.089 0.084 0.131
1 1ess than detectabie
Simi1ar types and concentrations of PAH were found in western Lake Erie
and Lake Huron sediments (Eadie, 3: a1., 1982b). PAH were also detected in
oiigochaetes and midges. A survey dF'Great Lakes sediment concentrations
suggests that the Iower 1akes sediments are more contaminated than those of














































































































































































































































































































































































































































































































































































































































































































































































































































































































PAH in Great Lakes Water Systems (ug/L)1
 
(n=6)
Phenanthracene Anthracene F1uoranthene Pyrene Chrysene Benzo(a)pyrene
 
Mean 0.024 0.006 0.015 0.014 0.014 0.012
S 0.025 0.006 0.009 0.006 0.010 0.008




















































































































































































































































































































































 Similarly, herring gulls (Larus ar entatus) from Lake Ontario at or near
Kingston, Ontario, (Table 8) containe
eve s of PAH slightly lower than those
found in the fish (Hallett, et al., 1977). The herring gull is primarily
piscivorous and can metabolize PAH. Therefore, the gull, like fishes,
demonstrates little bioaccumulation of PAH.
Toxicology and Metabolism
 
PAH are lipid soluble, hydrophobic compounds that are metabolized by
animals to more polar compounds to facilitate excretion (Sims and Grover,
1974).
These polar compounds may induce tumours.
In addition, mutagenicity
and teratogenicity have been reported.
Such toxic effects have been studied
most frequently in mammals and a summary is shown in Table 10. The balance of
this review discusses the processes of metabolism in mammals, the occurrence
of PAH metabolism in fishes and the association of tumour prevalence in fish
populations with pollution by environmental PAH.
Metabolism
The enzymes responsible for metabolic conversions are collectively known
as aryl hydrocarbon hydroxylases (AHH), cytochromes P450 and P443, or
mixed function oxidase (MFO). AHH has been found in bacteria, algae, higher
plants, invertebrates, fishes, reptiles, birds and mammals (Marquardt, 1977).
Ironically, this enzyme system also results in conversion of many
procarcinogenic PAH to their ultimate carcinogenic epoxide or dihydrodiol
forms. The epoxides may be further metabolized in one of several ways: the
epoxide may non—enzymatically isomerize to yield phenols; it may combinewith
glutathione; or alternatively, the enzyme epoxide hydrase may convert the
epoxide to a transdihydrodiol. Dihydrodiols and henols then form
9 ucuronides and sulfates, (Gilboin and T50, 1978
which may be excreted.
The carcinogenic and mutagenic activity of PAH is probably due to the
interaction of electron deficient reactive metabolites such as epoxides and
dihydrodiol-epoxides with critical nucleophilic biomacromolecules, such as DNA
(Miller and Miller, 1976). Epoxide hydrolase activity may be crucial in
determining the sensitivity of a particular Species to PAH—induced
carcinogenesis or mutagenesis; species which are able to metabolize the
epoxides or dihydrodiols rapidly are relatively insensitive, since there is
less chance of interaction between the epoxide and key biomolecules (Oesch,
et al., 1977). Alternatively, sensitive cells may produce reactive






































































































































































































































































































































































































































































































PAH which include a "bay region" in their structure and an unsubstituted
carbon in the position peri to the terminal benzene ring, are usually
carcinogenic (Jerina, et al., 1977; Yang, et al., 1983). This structure is




Figure 2. "Bay region" structure in BaP
Since all PAH studied are metabolized in a similar manner, BaP will serve
to illustrate the production of an ultimate carcinogen from a "bay region“
PAH. BaP is first converted, via AHH and epoxide hydrase, to benzo(a)pyrene-7,
8-dihydrodiol. Further epoxidation produces the carcinogen, benzo(a)pyrene—
7,8-dihydrodiol-9,10—epoxide, which is detoxified by conversion to a
tetrahydrotetrol and eliminated via the metabolic pathways discussed above.
Alkylated PAH are usually metabolized by hydroxylation of the alkyl side
chain; however, “bay region“ metabolites of alkyl—PAH have been identified as
well (Yang, 22 al., 1983).
Induction of MFO Systems
AHH is an inducible enzyme system which has been examined in detail by
Nebert, et al., (1981). Many substrates, highly variable in size and shape,
induce aETiVTty of this system (Table 9).
 
Tab1e 9
Great Lakes Chemicais Which
  















Ha1ogenated naphtha1enes and terpheny1s
(Conney, et a1., 1957)
(Nebert aha GEiboin, 1968)
(Nebert and Geiboin, 1968)
(Snyder, et a1., 1966)
(Fabacher_3na_Hodgson, 1977)
(More110, 1965)
(Snyder, et a1., 1966; Fabacher and
HodgsonT—1977; Moreiio, 1965;
Tunek and Oesch, 1979)
Fabacher and Hodgson, 1976;
Kaminsky, et a1., 1978)
(Moore, et aTTL_T978; Robertson,
et a1.. 198UT
TEUEﬁthner, et a1., 1979; Mike]
and Dec1oitreT—l979; Parkinson,
et a1., 1980a,b; Ahotupa and
ITtTa, 1980)
(Miko1 and Dec1oitre, 1979;
Parkinson, et a1., 1980 a,b;
Ahotupa and—Fitib, 1980)
(Parkinson, et a1., 1980a,b)
(Ahotupa and—Kifio, 1980)
AHH inducers have been c1assified into two major types: those inducing
cytochrome P448 and those that induce cytochrome P450 (Conney, 1982).
Sane chemicais do not induce a1) enzymes in the NFC system; other chemicais
may even suppress some enzymes. The production of active metabo1ites (e.g.
"bay region" dihydrodio) epoxides) may exceed the organism's abi1ity to
e1iminate these compounds a110wing a bui1dup of carcinogens. Converseiy,
substances 1ike buty1ated hydroxyanisoie (BHA) are anticarcinogenic because
they inhibit or a1ter the regiose1ectivity of AHH. BHA aiso induces a wide
variety of detoxifying enzymes.
Induction of the enzyme system commences with the passive transfer of the
inducer (e.g. BaP) across the ce11 membrane and the high1y specific binding to
a gene receptor. Foi1owing apparent transfer of the inducer—receptor comp1ex
to the nuc1eus, the response inc1udes the activation of numerous structura)
genes. The induction of metabo1ic enzymes fron these structura1 genes then
1eads to the formation of reactive intermediates of PAH and/or detoxified
products for e1imination (Nebert, gt_al., 1981).
  
MFO Induction in Fish
It was shown earlier that fish efficiently metabolize PAH. Rainbow trout
and coho salmon possess an inducible form of cytochrome P448. This form was
not induced by mirex, kepone, p,p'—DDT, or by p,p'-DDE - all considered to be
P450 inducers (Vodicnik, et al., 1981; Willis, et al., 1978). The P 48
—type inducers, 3—methylcholaﬁthrene and PCB (AFEcﬁTor 1254), strongiy induced
some components of the NFC system of trout. Thus, fish are capable of
metabolizing significant quantities of 4 and 5 ringed PAH under natural
conditions, which allows for their elimination and their lack of accumulation.
Benzo(a)pyrene is extensively metabolized in adult and juvenile English
sole (Paro hr 5 vetulus). Benzo(a)pyrene-7,8—dihydrodiol, benzo(a)pyrene-
9,10—diﬁyaroaiol and I— and 3-hydroxy benzo(a)pyrene were found in bile,
liver, muscle and gonads, indicating that toxic metabolites were formed
(Varanasi and Gmur, 1981). A number of studies have further shown that
certain reactive metabolites of BaP may bind to cellular macro-molecules in
fish (Varanasi, 33 31., 1981, Varanasi, st 31., 1982).
Consequence of PAH Metabolism by Fish
Brown bullheads (Ictalurus nebulosus), treated with repeated skin
applications of a PAH-containing organic solvent extract obtained from heavily
polluted river sediment, developed progressive skin alterations including
epidermal hyperplasia and papillomas (Black, 1983). Brown bullheads from
eastern Lake Erie and the upper Niagara River, where sediments and water
contain elevated levels of PAH, were observed to possess epidermal neoplasms;
including one observation of a highly invasive carcinoma. The anatomic
location of the lesions near the mouth suggests that contaminants encountered
during feeding may have been a factor (Black, 1982).
Sonstegard (1977) surveyed 50,000 Great Lakes fish between 1973 and 1976.
Gonadal tumors in carp, goldfish (Carassius auratus) and hybrids of these
species were observed as well as papillomas in white suckers (Catastomus
commersoni). There was significant tumor frequency clustering for white
suckers in the industrialized western region of Lake Ontario. All white
suckers in this region had neoplasms exclusively associated with the lips.
The upper lip, which has direct contact with bottom sediments, was most
affected.
Toxicology
PAH are of concern toxicologically due to their ability to induce
carcinogenic responses in mammals. In addition, mutagenicity and
teratogenecity have been reported. A summary of toxic effects in mammals for
PAH commonly found in water is shown in Table 10. Further, PAH and
specifically anthracene, are acutely toxic to fish at low levels (circa
12ug/L) in the presence of sunlight (Bowling, et 21., 1983). A statistically
significant, dose—related increase in the inciHEhce of stomach tumors
(papillomas and carcinomas) was shown to occur in mice fed with 1-250 ug/L BaP
in their diet (Neal and Rigdon, 1967). Tunors are also found in fishes,


































































































































































1. These data are derived from a variety of exposure routes (ora1, derma1, subcutaneous, intravenous, intraperitonea1,
intramuscu1ar, intracrania1, intratrachia1) over a broad range of exposure times (days to weeks).
2. Letha1ity may refer to 1etha1 doses (LDSOS) or to 1owest 1etha1 doses.
3. Re1ative activity on mouse epidermis - '0' = inactive; '+' = active; from Wynder and Hoffman (1962).
4. '-' = no data
 PAH are mainly noted for the carcinogenicity of neoplasticity in mammals
(Table 10). Benzo(a)pyrene was discovered to be carcinogenic many years ago
and has been extensively studied using a variety of exposure routes. However,
only a few tests have usedoral dosages. These tests show positive
tumorigenicity at dietary levels ranging from 5 to 10 mg/kg in rats (W. Gibel,
1964, in IARC) and hamsters (W. Dontenwill and U. Mohr, 1962, (Z. Krebsforsch,
65, p. 56 in IARC). BaP has been shown to induce tumors in mice in a
dose-response related manner of dietary levels of 40 to 250 mg/kg (Rigdon and
Neal found in the World Health Organization Drinking Water document). It is
important to note that the concept of threshold levels for carcinogenciity or
tumorigenicity has not been established. Single doses of benzo(a)pyrene at
levels below the above dietary levels have been shown to induce tumors




Occupational standards are usually expressed as Threshold Limit Values
(TLV) and refer to concentrations of substances t3 which repeated exposure can
occur without adverse effects. A TLV of 0.2 ng/m for coaltar pitch
volatiles (benzene soluble fraction), aimed at minimizing exposure to
anthracene, BaP, phenanthrene, acridine, chrysene and pyrene, was adopted as
the U.S. federal standard under the Occupational Safety and Health Act of
1970; the Ontario Ministry of Labour has adopted a similar standard.
A cokg oven emission standard (benzene soluble fraction) with a TLV of
0.15 ng/m over 8 hours was also pronulgated by the U.S. Occupational Safety
and Health Administration. It has recently been recommended that this be
lowered to 0.1 ng/m3 as a cyclohexane soluble fraction.
The bulk of atmospheric PAH are associated with airborne particulate
matter. Current ambient air quality criteria for suspended particulates in
Ontario are 60 ug/m3 as an annual geometric mean, or 120 ug/m3 averaged
over 24 hours. The corresponding U.S. figures egtablished National Primary
Ambient Air Quality Standards of 75 and 260 ug/m respectively, while the
desirable secondary standards are 60 and 150 ug/m3 for annual and daily
measuranenti, respectively. Ontario regulations limit particulate emissions
at 100 uQ/m (measured as a half—hour average concentration at the point of
impingement).
Drinking Water
The World Health Organization (WHO) has recommended a maximum of 0.2ug/L
of PAH in drinking water expressed as a sum of six indicator PAH —
fluoranthene; benzo(b)fluoranthene; benzo(k)fluoranthene;BaP;
benzo(ghi)perylene; and indeno(1,2,3cd)pyrene. Recently, the World Health
Organization (WHO) has proposed a limit of 0.01ug/L for BaP in drinking water.
The U.S. Environmental Protection Agency has set no specific limit for PAH
in drinking water. However, the agency opted to require the best available
technology, namely treatment with granular activated carbon, to minimize


















































































































































































































































































































































































































































































































































also been found tocause tumors in fishes although the precise levels for them
are not so well established for mammals. Sediment and benthic organisms which
serve as food sources for many fishes are known to have similar levels of PAH
including BaP. Additionally, since fishes are continuously exposed to water
levels (as compared to the intermittent exposure of humans via drinking
water), it is felt that at least comparable protection would be necessary to
protect fishes against direct accumulation.
Therefore, the AEOC recommends a level of 0.01 ug/L of BaP as a maximum
concentration in water for the protection of fish and other aquatic organisms
fran carcinogenic or tumorigenic effects.
Benzo(a)pyrene has been shown to elicit tumorigenic response at mg/kg
levels in the diet. The AEOC is recommending a maximum level of 1 mg/kg of
BaP in sediment in order to limit the concentrations that would be accumulated
in benthic invertebrates. This objective should then protect fish and other
organisms from potential tumorigenic and carcinogenic effects caused by the
consumption of PAH-contaminated benthos.
Objective
For the protection of aquatic life, the levels of benzo(a)pyrene in the
sediments or in organisms serving as a food source for fish should not exceed
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aquatic ecosystems. The chairman and one member of TFIEQ are
























GLFC, dealt with strategies for rehabiiitation in the Great Lakes and
was designed specificaTTy to identify research needs for the Take
trout, estabTish optimum experimentai design and to recommend
resource aiiocation. The chairman of the TFIEQ has participated in
a11 pre—conference activities, inciuding the Habitat Group at the
conference held at Goderich, August 198 .
(4) HeaTth of Aquatic Communities Task Force (HACTF) (SAB) - This group
' has simiTar goaTs to the TFIEQ in that it seeks information on ways
to measure stresses on aquatic ecosystems. The Chairpersons of both
the TFIEQ and the HACTF participate as members in AEOC meetings.
Report Status
The Task Force has produced the first draft of a document entitTed "A
Proposed Approach for the AppTication of BioTogicaT Indicators for the
Determination of Ecosystem Quality in the Great Lakes Basin“. The generaT
concensus of the TFIEQ and AEOC is that the manuscript shou1d initialiy be
reviewed internaTTy, aTthough scientists externaT to TFIEQ and AEOC with
appropriate expertise have been encouraged to provide contributions. At Teast
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































approaches; the indicator approach as it reiates to rehabiiitation success.
It is suggested that the report shouid be pubiished jointiy by the GLFC
and the IJC. This wou1d acknowiedge, in part, the invaiuabie assistance which
the GLFC has provided to the TFIEQ. In this connection, it is recommended
that the SAB recommend that the IJC formaiiy accept the GLFC's offer of joint
sponsorship of the TFIEQ.
...62..























































































































































TERMS OF REFERENCE FOR THE
AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE OF THE
SCIENCE ADVISORY BOARD
The Aquatic Ecosystem Objectives Committee (AEOC) of the Science Advisory
Board will:
1. Develop aquatic ecosystem objectives. Where feasible, these should
be in the form of use effect curves, for various uses, and always
including the most sensitive use.
2. Regularly review objectives and recommend amendment or introduction,
based upon all available criteria.
3. Establish task forces to develop position papers on which to base the
development of new or altered objectives.
4. Set general guidelines under which the objectives will be developed
and define some minimum levels of scientific information at which an
objective can be defined.
5. Develop an approach for the selection and ordering of parameters to
be addressed.
6. Identify gaps in the knowledge needed to develop objectives and








































federal governments), a limnologist, an aquatic chemist, and a human health
aspects expert.
SUBMISSION OF PROPOSED OBJECTIVES
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